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Astrophysical Observational
Constraints Requirements
* NEarth « Central wavelength

I — Total bandpass

* Planet sizes

Spectral resolution

Signal-to-Noise
Observing strategy

* Phase functions
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Technical
Requirements

Telescope diameter
Contrast

Contrast floor

Inner working angle
Outer working angle
Total throughput
Overheads

didate Yield




Goal: Image Earth-like Planets in the
Habitable Zone

Habitable Zone*"
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Radius of orbit relative to Earth's

We assume the ExoEarth definition described in Brown (2005)




Method: High-Contrast Imaging
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How To Calculate Planet Yield:
Completeness

“Completeness” = the chance of observing a given planet around a
given star if that planet exists

Calculated via a Monte Carlo simulation with synthetic planets

Depends on distance to star, planet’s orbit, radius, albedo, and
phase function, and the exposure time for the required SNR 5



How To Calculate Planet Yield:
Exposure Time

(Planet count rate) + 2 x (Background count rate)

7= (Planet SNR)? x
(Planet count rate)?

Background count rate =

Leaked starlight + Zodiacal light + Exozodiacal light

Angle [A/D]

Kalas et al. 2005

Image: Stefan Seip

Give’on et al. (2007)



How To Calculate Planet Yield:
Exposure Time

Planet count@ 2 x (Background count rate)

(
7= (Planet SNR)? x
(Planet count rate)?

Amag,,
Background count rate =

Leaked starlight + Zodiacal light + Exozodiacal light

Angle [A/D]

Kalas et al. 2005

Image: Stefan Seip

Give’on et al. (2007)



How To Calculate Planet Yield:

Completeness amag,, .
e

“Completeness” = the chance of observing a given planet around a
given star if that planet exists

Calculated via a Monte Carlo simulation with synthetic planets

Depends on distance to star, planet’s orbit, radius, albedo, and
phase function, and the exposure time for the required SNR g



How To Calculate Planet Yield:
Maximizing Yield

Combines output from completeness calculator and exposure time
calculator to prioritize target list.

For each star in target list...
* Assume a Amag,, .
* Completeness = C(Amag,,., IWA, OWA)
* Exposure time = tf{Amag_,.)
* Calculate a benefit to cost ratio = completeness / exposure time

For target list ensemble...
* Prioritize target list by benefit to cost ratio
* Sum exposure+overhead times of high priority targets until total
mission lifetime is exceeded
* N . =# of stars observed within the given mission lifetime
*N = Total completeness obtained over mission X 1,

stars

exoEarths



How To Calculate Planet Yield:
Completeness  tewose

“Completeness” = the chance of observing a given planet around a
given star if that planet exists

Calculated via a Monte Carlo simulation with synthetic planets

Depends on distance to star, planet’s orbit, radius, albedo, and
phase function, and the exposure time for the required SNR 10



Maximizing ExoEarth Yield with Completeness Curves
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AltruisticYield Optimization (AYO)

Observe all targets for 7., & select highest priority targets with 27_. <t
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AltruisticYield Optimization (AYO)

Take 7. from lowest priority target and divvy up to those with highest dC/dt
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AltruisticYield Optimization (AYO)

Completeness
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Number of Stars Observed

ExoEarthYield: Method Comparison
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SLSO: e.g. Brown & Soummer (2010)
TLSO: Brown (2005)
SLA: Turnbull et al. (2012)
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Number of Stars Observed

ExoEarthYield: Method Comparison
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Number of ExoEarth Candidates Detected

IWA (D) IWA (VD)

SLSO: e.g. Brown & Soummer (2010)
TLSO: Brown (2005)

SLA: Turnbull et al. (2012) 16



ExoEarthYield: Method Comparison
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[ Stars Observed

Eonarth Y|eld Method Comparlson

800

3

S
S

T—rrroTrr

rrrvrvrprrzy

lear (LQ un)

10.00}

1.00}

0.10¢

0.01F 7.

206 412

- Targetpnonty
........ lauauaauaa dasaaagaaa e s a s a g

0

40

rrJvovy rfrryrvrvyrrrrvrvey

-8-

irth Candidates Dedected

L\Iur (LSun)

10.00

1.00 ¢

0.10¢

0.01¢

18



ExoEarth CandidateYield:
Exploring Parameter Space

* 10 values of D: 2-20 m

* 9 values of IWA: 1-5 A/D

* 7 values of contrast, C: 5x10*! to 1.5x107

* 5 values of Amag;_.: [0,1,2,3,4] - 2.5 x log(C)

* 6 values of exozodi level, n: [1,3,6,10,30,60] zodis

Total of ~19,000 models run



ExoEarth CandidateYield

The Baseline Mission:

*D=8m

 Contrast, = 1010

* Amagg,,, = 26 (i.e. &y, = 4x1011)
* WA =2A/D, OWA = 15A/D

* nexozodis =3

* throughput =0.2
*A=0.55um, AL=0.11 um

* Nearth = 0.1

* 1 year of observation time

* No time allocated for spectra
* No revisits

* No overheads



ExoEarth Candidate Yield

ExoEarth Candidate Yield
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Yield vs. D
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Constraining the Systematic Noise Floor
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Amagg, .. > 26 provides little additional yield



Why is the Exozodi Dependence so Weak?
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1. Increasing exozodi naturally removes the
worst targets



Why is the Exozodi Dependence so Weak?
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2. AYO sacrifices exposure time and completeness
to observe more stars, which maximizes yield



IWA (A/D)

ExoEarthYield Contours
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How Many ExoEarth Candidates?
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How Many ExoEarth Candidates?
Binomial Probability Distribution

Pg (z,n,p) = x!(nni x)!pw 1-p)""

n = number of tries

X = number of successes

p = probability of an individual success

Py = Probability of x successes out of n tries



How Many ExoEarth Candidates?

Ncandidates
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Number of Candidates To Constrain 1)y With a Null Result*
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How Large is Large Enough?

Candidate Yield vs Aperture For Different Instrument Cases™
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*Key Assumptions:

- Earth Twin (Size and Albedo) - Bandwidth = 20% (10% req. for H,O)
- No revisits (will improve yield) - No spectroscopy (R =70 for O,)
- Exp. Time = 1 year (not incl. overh.)



Summary

* Estimated exoEarth candidate yield depends strongly on method of
target prioritization & exposure time optimization

* Altruistic Yield Optimization can increase the single-visit yield of
exoEarth candidates by 20-100%

e Simulated ~ 19,000 sets of mission parameters to produce
conservative exoEarth yield estimates

For low Mg, h---
* Single-visit exoEarth candidate yield scales roughly as ~D?

* Systematic noise floors with Amagg,. > 26 do not significantly
improve yield

* For any given aperture size, relative impact of exozodi on yield ~ n"0-3



